A roll tube technique (Hungate method) was employed in an attempt to cultivate a maximal portion of the organisms in the gingival crevice area of man. This technique achieves an anaerobic state by flushing the local environment with oxygen-free gas. Once collected, the crevicular debris was immediately placed into sterile oxygenfree test tubes which were flushed out by the oxygen-free gas. In this manner, the samples were weighed, dispersed, diluted, and cultured in roll tubes and plates. The medium for control (Brewer Jar technique) and Hungate The gingival crevice area of man appears to harbor an anaerobic microflora. Thus, when bacteriological samples were removed, dispersed, diluted, and plated on nutritionally complex media, twice as many organisms were recovered when the high dilution plates were incubated in an anaerobic atmosphere than when incubated in air (2, 3, 9) . Most of the aerobic isolates were facultative bacteria, as they would grow also in an anaerobic environment (3). When the viable counts were compared with the total microscopic counts, only 20 to 25% of the organisms present were cultivated (9). The inability to cultivate all of the gingival crevice bacteria was attributed to the presence of nonviable bacteria, the absence of a medium that would be nutritionally adequate for all of the indigenous gingival crevice organisms, or to the failure to disperse completely the clumps of bacteria present in the sample. Recently Aranki et al. (1) were able to markedly improve the recoveries of anaerobes from gingival IPresent address:
A roll tube technique (Hungate method) was employed in an attempt to cultivate a maximal portion of the organisms in the gingival crevice area of man. This technique achieves an anaerobic state by flushing the local environment with oxygen-free gas. Once collected, the crevicular debris was immediately placed into sterile oxygenfree test tubes which were flushed out by the oxygen-free gas. In this manner, the samples were weighed, dispersed, diluted, and cultured in roll tubes and plates. The medium for control (Brewer Jar technique) and Hungate 10% hydrogen, and 5% carbon dioxide were used, and 63.4% for eight samples when 100% carbon dioxide was the gaseous atmosphere. At no time were cultural counts, by using anaerobic plates (Brewer Jar), more than 24% of the direct microscopic count. This suggests that exclusion of oxygen and the presence of carbon dioxide maximized recovery of gingival crevice bacteria.
The gingival crevice area of man appears to harbor an anaerobic microflora. Thus, when bacteriological samples were removed, dispersed, diluted, and plated on nutritionally complex media, twice as many organisms were recovered when the high dilution plates were incubated in an anaerobic atmosphere than when incubated in air (2, 3, 9) . Most of the aerobic isolates were facultative bacteria, as they would grow also in an anaerobic environment (3) . When the viable counts were compared with the total microscopic counts, only 20 to 25% of the organisms present were cultivated (9) . The inability to cultivate all of the gingival crevice bacteria was attributed to the presence of nonviable bacteria, the absence of a medium that would be nutritionally adequate for all of the indigenous gingival crevice organisms, or to the failure to disperse completely the clumps of bacteria present in the sample. Re (4, 8) . The OFG was passed through neoprene tubing fitted at the end with a stainless-steel needle. This was used to either displace or prevent air from entering the sample, diluent, and media during collection, preparation, and inoculation.
Preparation of diluent and medium. The diluent contained 0.067 M phosphate buffer (pH 7.2), 0.1 /O peptone (Difco), 0.001% sodium thioglycolate, and 0.001% resazurin. The medium contained 4% Heart Infusion Agar (Difco), 10%S defibrinated horse blood, 0.001% sodium thioglycolate, 0.001% resazurin, and menadione (0.5 ,ug/ml). The blood and menadione were flushed with OFG and added aseptically to the autoclaved medium.
When 100% carbon dioxide was employed, 0.5% sodium bicarbonate (final concentration in medium) was autoclaved separately, equilibrated with C02, and added to the diluent and medium so as to neutralize the acidity created by the dissolved carbon dioxide. The diluent and medium were prepared in 100-ml amounts in 250-ml Erlenmeyer flasks fitted with gauze stoppers. Immediately after autoclaving, these solutions were flushed with OFG until the resazurin was colorless and sterile neoprene stoppers were inserted into the flasks. If it was necessary to add any ingredient after autoclaving, these were also flushed with the OFG. After addition of blood to the medium, a change in the resazurin indicator could not be visualized.
The diluent was tubed in 9-ml amounts and portions of the medium were tubed in 4-ml amounts and maintained at 48 C until inoculated. Both Carbon dioxide appears to be essential for the growth of certain oral anaerobes, i.e., Bacteroides melaninogenicus and Fusobacterium nucleatum (Loesche, unpublished results). These organisms, readily identified by distinct colonial appearance, were not observed in the role tube isolates. Thus, the omission of CO2 from the OFG would be expected to give lower recoveries than might otherwise be achieved by the inclusion of this gas. The experiment was repeated with the addition of 5 % CO2 in the OFG. Eight samples which contained an average of 26.9 i 11.7 x 1010 bacteria per gram (wet weight) were each treated as before. The aerobic count was 2.2 ± 1.5 X 1010/g (wet weight); the conventional anaerobic count was 5.4 ± 2.9 X 1010/g (wet weight); whereas the aStandard deviation. Differences were significant between aerobic and anaerobic (Brewer Jar), P = 0.01; between aerobic and anaerobic (roll tubes), P = <0.01; and between anaerobic (Brewer Jar) and anaerobic (roll tubes), P = 0.01. roll tube count was 17. 9 7.1 X 10'0/g (wet weight; Table 2 ). All differences were highly significant, i.e., P < 0.01. The roll tube recovery was 70.4% of the microscopic count and included colonies of B. melaninogenicus which appeared in five of the samples. Viable counts of this organism alone averaged 5.4% of the microscopic count. Aerobic and conventional anaerobic counts represented 8.7 and 20.6%, respectively, of the total count High recoveries of bacteria from the rumen (5) and from the mouse cecum (10) were achieved with 100 % CO2 as the OFG. Accordingly, the experiment was repeated by using 100% CO2. Eight samples containing 15.5 + 3.9 X 10it bacteria per gram (wet weight) were dispersed, diluted, and plated as before. The recoveries obtained were as follows: aerobic, 2.0 4 0.4 x 1010/g (wet weight); conventional anaerobic, 3.7 i 0.9 X 101°/g (wet weight); roll tube, 9.8 i 2.8 X 1010/g (wet weight; Table 3 ).
All differences were highly significant, i.e., P < 0.01. The per cent recoveries with 100% CO2 were aerobic, 12.3%; conventional anaerobic, 24.0%; and roll tube, 63.4%7o (Table 4) . DISCUSSION Anaerobic incubation yielded significantly higher recoveries than aerobic incubation. Of the two anaerobic procedures tested, the roll tube method, when the incubating atmosphere contained CO2, permitted significantly higher recoveries than the anaerobic jar method (Table 4) . The only differences in sample manipulation between these methods in the present experiment had to do with the plating of the diluted sample. a Standard deviation. Differences were significant between aerobic and anaerobic (Brewer Jar), P = <0.01; between aerobic and anaerobic (roll tubes), P = < 0.01; and between anaerobic (Brewer Jar) and anaerobic (roll tubes), P = <0.01. a Per cent recovery = viable count divided by microscopic count X 100. b 4, standard deviation. Differences were significant between aerobic and Brewer Jar in an atmosphere of 100% CO2, P = <0.01; between aerobic and Brewer Jar in an atmosphere of 85% N2, 10% H2, and 5% CO2, P = <0.01; between Brewer Jar and roll tube in an atmosphere of 100% CO2, P = <0.01; between Brewer Jar and roll tube in an atmosphere of 85% N2, 10% H2, and 5% CO2, P = <0.01; and between atmospheres of 90% N2 and 10% H2 and 100% CO2 with roll tube, P = 0.02.
In the roll tube method, the sample was added to agar medium maintained at 48 C in the absence of atmospheric oxygen. The colonies developed within and on the surface of the agar medium. In the anaerobic jar method, the diluted samples were exposed to atmospheric oxygen during the brief period in which they were spread over the agar surface. The inferior recovery of the anaerobic jar method would seem to be due to the exposure of the bacteria or medium, or both, to oxygen. In different experiments, the time between plating and removal of air from the anaerobic jar varied between 20 and 45 min. This brief exposure to air apparently is sufficient to kill many strict anaerobes (6) . Similar findings were reported recently by McMinn and Crawford (7). They found that Propionibacterium propionicum would not survive beyond 30 min in aerobic transport broth.
The higher counts obtained with the roll tube method raised the question as to whether these isolates are more oxygen-sensitive members of known oral species or whether they are to date undescribed species. Spears and Freter (10) reported that 10 roll tube isolates, on subculture, would not grow in anaerobic jars. Several rumen species, isolated and maintained in roll tubes, would not grow as surface colonies in the presence of oxygen levels greater than 0.7%. However, several oral species, isolated and maintained in Brewer Jars, grew reliably in the presence of 4% oxygen (6) . It would seem that some anaerobic bacteria are uniquely sensitive to oxygen and are different from others that can survive short exposures to air and grow in the presence of low levels of oxygen. Thus, many of the roll tube isolates upon further investigation may prove to be species not presently known to reside in the oral cavity.
The most difficult problem in maintaining strict anaerobiosis was during the sample collection. The subject was seated in the laboratory and the sample was transferred from crevice to an oxygenfree test tube in less than 5 sec. In previous count studies of human gingival debris (2, 3, 9) , material was collected aerobically and subjected to atmospheric conditions for an unspecified time before anaerobic incubation. The present investigation in terms of total microscopic count and viable recoveries in anaerobic jars compared quite well with the results of these previous studies. However, the present recovery from roll tube was about three times higher. This would suggest that the failure to grow more gingival organisms in these earlier studies was due to a killing effect of atmospheric oxygen during the manipulation of the sample prior to anaerobic incubation (1) .
The roll tube procedure is a relatively simple technique for obtaining an anaerobic environment suitable for the isolation of strict anaerobes which colonize in large numbers the mucous membranes of mammals. The necessary equipment is inexpensive and requires little bench space. The technique itself is simple, and, given its marked superiority in isolating bacteria from a wide range of specimens, should be a routine procedure in various laboratories.
